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NOTATIONS 

Symbols 

M; local Mach 

p: pressure 

A: area 

0 T:  temperature in K 

[A5D5] : exit dynalpy [momentum-f low] 

[AoDo] : entrance dynalpy 

bo: air flow per second 

ink: kerosene delivery per second 
2 

q: kinetic pressure kpV 

cp: injected fuel-air mixture 
I Secondary symbols 

a: speed of sound 

x: drag 

0: upstream infinity 

1: at outlet of antechamber 

2 :  upstruam of combustion chamber 

3 :  in chamber 

4 :  at throat 

5:  at the end of combustion 

i: isentropic 

C I  
I : stagnation downstream from the shock 

g: internal 

ii 



NASA TT F-10,319 

STUDY AND FLIGHT TESTS OF A MACH 5 EXPERIMENTAL W E T  

Roger Marguet 

ABSTRACT 

S tud ie s  and r e sea rch  on high speed atmospheric  pro- 
pu ls ion  have lead  O.N.E.R.A. t o  experiment i n  f l i g h t  w i t h  t e n  
ramjet  missiles. This  ope ra t ion  rece ived  t h e  code name of 
" STATALTEX. " 

Four m i s s i l e s  reached a f l i g h t  speed of nea r ly  4,600 
f e e t  pe r  second, i . e . ,  about Mach 5,  between the  a l t i t u d e s  
of 40,000 t o  115,000 f e e t .  

I n  t h i s  paper t h e  information obta ined  i n  t h e  course 
of t h i s  s tudy are descr ibed  and t h e o r e t i c a l  p r e d i c t i o n s  
and experimental  r e s u l t s  a re  compared. The knowledge 
acqui red  permi t ted  us  t o  ob ta in  u s e f u l  d a t a  a p p l i c a b l e  t o  
an eventua l  a tmospheric  booster  a b l e  t o  reach  Mach 5.  

i I n t r o d u c t i o n  

I n  t h e  f i e l d  of r e sea rch  concerning m i s s i l e  p ropuls ion  a t  h igh  super- /5* 
s o n i c  speeds,  ONERA i n i t i a t e d  a program of s t u d i e s  and t e s t s  i n  1960 on t h e  
subsonic  combustion ramjet  capable of ope ra t ion  up t o  Mach 5 and us ing  kero- 
sene a s  f u e l .  This  program was aimed a t  use i n  p o s s i b l e  f a s t  v e h i c l e s  w i t h  
atmospheric  t r a j e c t o r y ,  subsonic  a i r c r a f t ,  and long-range low- t r a j ec to ry  
missiles. This  mission w a s  completed i n  Apr i l  1964. 

Ten experimentai  missiles were f i red .  Among them, f o u r  a c c e l e r a t e d  t o  
speeds approaching Mach 5 and t h r e e  o t h e r s  exceeded Mach 4 .5 .  

For  reasons  of economy and s i m p l i c i t y ,  no guidance was providedaon board 
t h e s e  missiles.  
Attempts were made t o  l i m i t  t h i s  d i s p e r s i o n  by reducing t h e  causa t ive  cont ing-  
e n t  f a c t o r s  - d u r a t i o n  of boos te r  propuls ion,  wind, percussion on leaving  t h e  
launcher .  

There was consequently a c e r t a i n  spread of t r a j e c t o r i e s .  

*Numbers g iven  i n  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  f o r e i g n  text .  
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Attempts to carry maximum performance of Stataltex beyond Mach 5 failed, 
since the ramjet was not inserted at nominal conditions required in the very 
narrow acceleration corridor. 

The ramjets, with average mass of 275 kg, were separated at a speed close 
-1 

to 1000 m s . A Stromboli booster comprised the accelerator stage. 

Performance was below that of an engine with optional variable geometry, 
the entrance and exit geometry of Stataltex being fixed. A compromise study in 
the investigated speed range led us to adapt the air intake and the ejector to 
a flight Mach number of-3.5. Under these conditions the air intake functioned 
in superadaptation beyond this flight speed. 

A telemetering system--28 measured parameters, 15 of which were thermal 
measurements--as well as a trajectographic system made possible analysis and 
workup of data of essential phases of these experiments, in particular: 

flight studies, 

reproducible at the test bench, 

up to Mach 5. 

- comparison of the propulsion balances established by stationary and in- 

- knowledge of this balance near Mach 5; these flight conditions not being 

- justification of a technology for the ramjet used as accelerating motor 

I. HISTORY OF THE STUDY - / 6  

Two essential phases of activity were the product of the initiation of 

- a general research activity and analytical studies, 
- a synthesizing activity in the course of which ten experimental missiles 

operation STATALTEX at ONERA 

were fired. 

The first phase concerned the following requirements. 

Thermodynamics 

Establishment of ramjet performances up to Mach 5 with computerized cal- 
c u l l t i e n  n r n m y a r n  r - - c3 - --.- 
Propulsion 

Combustion tests with simulation of conditions of internal operation in the 
range of speeds 3-5. In this connection, several cellules of the ONERA aero- 
thermodynamics laboratory (Palaiseau) were equipped with a kerosene air heater 
with oxygen delivery, reproducing approximately the conditions of temperature 

at Mi=6, but not the composition (Specifically, presence of H20 and C02). 

2 



Tests of kinetic heating with development of burners and test devices 
2 

making possible the simulation of fluxes of 2000 1X//m . 
Utilization for the first time in France of Stromboli solid-fuel prope&nts, 

developed in collaboration with the Soci6te' 
Rgacteur (SEPR -- Society for the Study of Jet Engine Propulsion). 

d'Etudes de la Propulsion par 

Aerodynamics 

Study of the operation of an isentropic air intake adapted to W,, = 3.5 in 
the range M3 to M6. 

External aerodynamic study in moderated hypersonic conditions. 

Materia 1 s 

Development of thermal protective means using ablation. 

Bophenal and Orthostrasil for the ejector, phenolic resin with endothermic 
additives for external protection. 

Flight dynamics 

Use of computer programs for study of corrections of trajectory (wind, per- 
cussion, aeroelasticity). 

Mea sur emen t s 

Development of apparatus related to operation Stataltex (pickups, flow- 
meters, on-board thermometric instrumentation, use of telemetering in ambient 
conditions of high temperature and pressure) 

The second phase extends over three periods - / 7  
1st: missiles designated STX 01, 02, 03, 04. 
2nd: performance test missiles designated STX 0 5 ,  06, 07, 08 
3rd: missiles for speeds above Mo = 5 STX 09 and 10 

Table I recapitulates the history of Stataltex flights and summarizes the 
results. 

3 
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TABLE 1. 5HRONOLOGY OF TEST FLIGHTS--OVERALL RESULTS. 

General 
charac- 

t e r i s t i c s :  
boos t e r  

Resu 1 t s 
P l a c e  

of 
f i r i n g  

Date 
of 

f i r i n g  

Engine 
No. 

1 

Genera l  
behav io r  

Measurements 
Achjeved 

performances 

Nov. 1960 C.E. R.E. S. 
(France) 

S t rombo 1 i 
180,000 daN.s 

Correct 
&nd of 

p ropu l s ion  
due t o  

h e a t i n g  of 
f lame tube  

releme t e r i n g  
to  t = 32 s e c  

1 = 1230 m s - l  
t =  13km 
: = 3 2 s  

P 2  
.?I 

m a 
U 
m 4- 

3 

Nov. 1960 C.E. R.E. S. 
(France)  

St rombo 1 i 
180,000 daN. s 

Cor rec t  
Engine l o s t  

a t  t = 46 sec 

-1 V = 1444 m s 
Z = 18.8 km 
t = 4 6 s  

Telemeter ing  
t o  t = 39 s 

Cinetheo- 
d o l i t e s  ended 

46  s e c  

No i n t e r n a l  
measurements 

(breakdown of 
r e c o r d i n g  

i n s  t rumen t ) 

May 1961 HAMMAGU I R 
(Sahara) 

Stromboli  
180,000 daN.s 

-1 
V = 1115 m s 
z = 5.95 km 
t =  2 0  5 

Accident a t  
s e p a r a t i o n  

(pumping 
a i r  i n t a k e )  

4 May 1961 HAMMAGUIR 
(Sahara) 

Stromboli  
180,000 daN.s 

Telemeter ing  
t o  t = 17.6 s 

V = 1160 m s- 1 

Z = 8 k m  
t = 19.4 s 

Accident a t  
s e p a r a t i o n  

(pumping 
a i r  i n t a k e )  

Cor rec t  
combus t i o n  

t o  40 km 
a 1 t i  tude  

St rombo 1 i 
180,000 daN.s 

-1 
V = 1360 m s . 

Z = 4 O k m  
t = 7 0 s  

C. E. R. E. S. 
(France)  

Qec. 13,  1961 5 Telemeter ing  
t o  impact 

t = 200 sec 

6 

'0 

.d - 
% 7  

ri 

Dec. 9 ,  1961 C.E. R. E. S. 
(France) 

Stromboli  
188,000 daN.s 

Cor rec t  
combustion t o  

expend i tu re  
of f u e l  

V = 1480 m s-l ' 
Z = 29.7 krn 
t = 61.5 s 

Te l e m e  t e r i n g  
t o  impact 

t = 215 s e c  

C. E. R. E. S. 
(France) 

S t rombo 1 i 
188,000 daN.s 

Telemeter ing  
t o  impact 

- 1  I 
V = 1360 m s 
Z = 11.5 km 
t = 32.5 s ' 

J u l y  9 ,  1962 Cor rec t  
End of 

p ropu l s ion  
due t o  rup- 

t u r e  of 
flame tube  

k i n e t i c  
h e a t i n g  

sallle d5 7 8 
- 1  

= 1475 m q 

Z = 13.7 km 
t = 3 8 s  

V = 1490 m s- 
2 = 11.8 km 
t = 4 6 s  

1 

J u l y  9 ,  1962 

O c t .  8, 1963 

Apr. 23 ,  1964 

I 

C.E. R . E .  S. 
(France) 

C.E.R.E.S. 
(France)  

C. E. R. E. S. 
(France)  

b t  rombo i i 
188,000 daN.s 

S t rombol i  
188,000 daN.s 

9 B 

: 10 

.?I 
L4 
0)  a- 

m 

Telemeter ing  
t o  t = 2 8  sec 

Cor rec t  
same as 6 

Rupture be fo re  
s e p a r a t i o n  

Te 1 eme t e r i n g  
ended 19 sec 

Stromboli  
200,000 daN.. s 

v 

4 
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11. THE COMPOSITE STATALTEX MISSILE 

11.1 General d e f i n i t i o n  - 18 

The S t a t a l t e x  m i s s i l e  comprises two s t a g e s ,  a s o l i d  f u e l  s t a g e - - t h e  boos te r  
--whose mission i s  t o  b r ing  t h e  ramjet t o  i t s  s e l f - s u s t a i n i n g  v e l o c i t y ,  nea r  
1000 m p e r  second, and t h e  experimental  s t a g e  comprising t h e  ramjet. 

The t o t a l  mass a t  launch i s  of the o r d e r  of 1600 kg, of which 300 kg i s  f o r  
t h e  ramjet, and t h e  t o t a l  l eng th  of the m i s s i l e  a t  launch exceeds t e n  meters. 
The missi le  has  no guidance equipment. F igu res  1, 2 ,  3 and 4 p r e s e n t  c e r t a i n  
diagrams and views of t h e  m i s s i l e  i n  o rde r  of f i r i n g .  

Various c o n f i g u r a t i o n s  were f l i g h t  t e s t e d :  t h e  t a b l e  on t h e  fo l lowing  
page summarizes t h e i r  c h a r a c t e r i s t i c s .  

11.1.1. Acce le ra t ion  s t a g e  

This  i s  a Stromboli p l a s t o l i t e  powder boos t e r .  Its t o t a l  impulse v a r i e d  
between 180,000 and 200,000 decaNewtons, depending upon the  n a t u r e  of t h e  t e s t .  

Durat ion of combustion,20 s e c , i s  f i x e d  wi th  a t o l e r a n c e  of 2 1 s e c  t o  
1 reduce t h e  spread,  s i n c e  t h e  engine i s  not  p i l o t e d .  

11.1.2.  Sepa ra t ion  of t h e  two s t a g e s  

Assembly w a s  e f f e c t e d  by explosive b o l t s ,  an i n e r t i a l  swi t ch  g iv ing  t h e  
s e p a r a t i o n  command. 

I n c l i n a t i o n  a t  s e p a r a t i o n  i s  t h e  e s s e n t i a l  d i s p e r s i o n  f a c t o r .  

The fo l lowing  p recau t ions  were taken t o  l i m i t  t h e  causes  of t h e s p r e a d :  
- t o l e r a n c e  on t h e  duratiorr of combustion of t h e  block of powder (11,l.l) 
- s i t e  of t h e  launcher ,  t ak ing  i n t o  account an  a e r o l o g i c a l  sounding be fo re  

- account  taken of t h e  e l a s t i c i t y  of t h e  launcher.  
f i r i n g  (modulus and d i r e c t i o n  of t h e  wind) 

11. 1.3. The ramjet 

TI.: IS ;1 t r u ~ ~ a i e d  conical ramjei made or' r e f r a c t o r y  sizeei, w i t n  subsonic  
combustion ( f i g u r e s  4 and 5 ) .  A i r  i n t ake  and e j e c t o r  are  of f i x e d  geometry. 

The combustion chamber i s  supplied w i t h  kerosene. Pneumatic dev ices  ensure 
t h e  flow and d i s t r i b u t i o n  of t h e  f u e l .  

'A bomb tes t  of a sample of t he  charge u t i l i z e d  allowed de te rmina t ion  of t h e  
dimension of t h e  e j e c t o r  i n  each f l i g h t  propuls ion dev ice ,  t o  o b t a i n  com- 
b u s t i o n  d u r a t i o n  of 20 sec. 

5 
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Figures 1 and 2. Composite missile on the launcher. 
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The c e n t r a l  body c o n t a i n s  t h e  load of measuring, c o n t r o l  and i n j e c t i o n  
appa ra tus .  

The c h a r a c t e r i s t i c s  of t h e  combustion chamber r e s u l t  from a compromise t o  
s a t i s f y  t h e  fo l lowing  c o n d i t i o n s :  

- maintenance of c r u i s i n g  speed corresponding t o  Mach 5 a t  a l t i t u d e s  of 25 

- ensu r ing  a c c e l e r a t i o n  s u f f i c i e n t  f o r  s e p a r a t i o n  v e l o c i t y  of t h e  o r d e r  of 
o r  30 km 

-2  1 0 m s  . 
The antechamber. The antechamber i s  of t h e  c l a s s i c  p i l o t  chamber type .  

Th i s  one t r a p s  10 percent  of t h e  flow swallowed by t h e  a i r  i n t a k e .  

I n j e c t i o n  i s  e f f e c t e d  by spraying  on to  t h e  flame h o l d e r .  F i g u r e s  6 and 7 
show t h e  embodiment of t h e s e  assembl ies .  
f u s e s  c o n t r o l  t h e  i g n i t i o n  of t h e  combustion chamber two seconds be fo re  r e l e a s e  
of t h e  r amje t  f u e l  ( f u e l  admission a t  t h a t  moment). 

The py ro techn ic  i g n i t e r s  w i t h  e l e c t r i c  

F igu re  3 .  Composite m i s s i l e  i n  f l i g h t .  

9 
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1 
2 
3 
4 
5 
6 
7 
8 
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STATALTEX 

Designation 
Point - telemetering 
Shell 
Main body 
Tank - injection - fuel 
Under carriage 
Stabilizers 
Engine 
Flame tube 
Protection -- bolts 

Weight 
29.4 

20 
34.5 

93-35 
26 4 
28 
18.25 

5 -1 
42 

G 
I 

49 44 
3855 
4188 
996 
1562 
1515 
1627 
571 
27 32 

BOOSTER 
I I I 

-0 
-1 
-2 
-3 
-4 - 

Booster-ramjet connection 
Propellant body 
Block of plastolite powder 
Rear drum 
Stabilizers 

1042 2495 

4520 

Position of stabliizers 

Figure 4 .  Composite assembly STATALTEX No. 10. 
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Development of in te rna l  sect ion 

* - -  

Figure  5.  I n t e r n a l  geometry. 

The i n j e c t o r .  It comprises a pneumatic c i r c u i t  and a hydrau l i c  c i r c u i t . ,  /13 - 
The pneumatic c i r c u i t  sends a i r  compressed a t  25  bar  i n t o  a p i s t o n  reser- 

v o i r  which con ta ins  t h e  f u e l .  This a i r ,  s t o r e d  a t  a pressure  of 250 ba r ,  i s  
r e l e a s e d  by a remote-control led va lve  by means of an automatic  switchland sup- 

plies an  expander. 

A mixture  l i m i t e r  c o n s t i t u t e s  a n  e s s e n t i a l  element of t h e  h y d r a u l i c  
c i r c u i t .  

Th i s  device ,  of simple des ign  and r egu la t ed  p r e c i s i o n ,  has  t h e  e f f e c t  of 
r e s t r a i n i n g  fuel flow hy me2113 cf a11 ad jus tzb l c  b l o c k i n g  of t h e  c i r cu i t  when 
t h e  l a t t e r  tends  t o  exceed t h e  va lue  corresponding t o  the  maximum pe rmis s ib l e  
a i r - f u e l  mixture .  

The f u e l  f low, measured by a l i n e a r  diaphragm flowmeter, i s  compared t o  t h e  
a i r  f low,  func t ion  of ( p i  - p,), 

Th i s  makes i t  poss ib l e  t o  maintain t h e  mixture  a t  a predetermined va lue  
( less t h a n  u n i t y )  wh i l e  s e t t i n g  the  flow c o n t r o l s  f o r  a r a t i o  of 15 t o  1. 

11 



F i g u r e  6 .  Flame ho lde r  and i n j e c t o r s  of t h e  main c i r c u i t .  

F i g u r e s  8 and 9 p r e s e n t  an o v e r a l l  diagram and gene ra l  view of t h e  i n j e c -  
- / 14 t i o n  d e v i c e .  F i g u r e  10 i s  a schematic view of t h e  antechamber. 

Thermal p r o t e c t i o n  of t h e  flame tube and t h e  e j e c t o r .  The thermal  problems 
e n t a i l e d  i n  t h e  case  of t h e  high-speed ramje t  a r e  c e r t a i n l y  t h e  most d i f f i c u l t  
t o  s o l v e .  - / 17 

Combustion chamber and frame a r e  sub jec t ed  t o  i n t e r n a l  and e x t e r n a l  f l u x e s  
t h a t  a r e  ve ry  s i z a b l e .  

W/m i n  f l i g h t .  

The f l u x e s  a t  t he  t h r o a t  of t h e  e j e c t o r  may r each  2500 

2 

Two s o l u t i o n s  f o r  thermal p r o t e c t i o n  were developed and t e s t e d  on t h e  
f l i g h t  eng ines ,  namely Bophenal and O r t h o s t r a s i l  ( f i g u r e .  11). The Bophenal 
c o a t i n g  w a s  p repared  by ONERA. The O r t h o s t r a s i l  flame tubes  were b u i l t  by Sud- 
Av ia t ion .  

12 



Figure  7 .  Flame ho lde r ,  i n j e c t o r s  and p i l o t  chamber, 
flame tube disassembled. 

11 .2 .  Law of f l i g h t  of t h e  S t a t a l t e x  m i s s i l e s  

The m i s s i l e  t r a j e c t o r y  i s  "unguided." 

- i n c l i n a t i o n  of t h e  t r a j e c t o r y  a t  t h e  i n s t a n t  of s e p a r a t i o n  
- i n j e c t i o n  fu rn i shed  by a mixture l i m i t e r  which ensu res  a p r a c t i c a l l y  con- 

Ramjet a l t i t u d e  and speed depend 
upon two e s s e n t i a l  v a r i a b l e s ,  t he  engine geometry be ing  f i x e d ,  namely: 

s t a n t  r e g u l a t i o n ,  t h e  i n j e c t e d  flow not be ing  a b l e  t o  exceed a maximum d e t e r -  
mined b e f o r e  f i r i n g .  

F i g u r e s  12 and 13 show s e v e r a l  t r a j e c t o r i e s  and f l i g h t  speeds achieved  i n  
S t a t a l t e x  f i r i n g s .  

13 
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F i g u r e  8. P r i n c i p l e ,  i n j e c t i o n  c i r c u i t ,  
1. Spark cap and f i l t e r ;  2 .  f lowmeter;  3 .  
mixture  l i m i t e r ;  4 .  expander;  5 .  bouchet 
i g n i t e r ;  6 .  f u s e  valve;  7 .  p i l o t  i n j e c -  
t o r ;  8. main i n j e c t o r .  

F igure  9 .  I n j e c t i o n  assembly. 
14 



- - . . -. . \ 

Figure  10. C h a r a c t e r i s t i c s  of t h e  S t a t a l t e x  No .  10 engine.  

F igu re  14 shows, f o r  a given f l i g h t  c o n f i g u r a t i o n ,  t h e  i n f l u e n c e  of t h e  
i n c l i n a t i o n  of t h e  t r a j e c t o r y  a t  s epa ra t ion  upon missi le  performance. 

-2 - / 19 Maximum a c c e l e r a t i o n s  do not  exceed 30 m s e c  ( f i g .  15). 

The d i f f e r e n t  sequences of a f i r i n g  a r e  as  fol lows:  
1. Composite f l i g h t .  Launch s i t e  i s  v a r i a b l e ,  i n c l i n a t i o n  about 60'. Pro- 
p u l s i o n  of t h e  f i r s t  s t a g e  las t s  20 seconds, s e p a r a t i o n  a l t i t u d e  being around 
6 km. The remote-control  va lve ,  
a c t u a t e d  by e l e c w c  f u s e s  and switch s y s t e m ,  releases compressed a i r  f o r  purg- 
i n g  t h e  f u e l .  
t h e  kerosene c i r c u i t  two seconds a f t e r  s e p a r a t i o n .  
2 .  

of 1500 m s e c  

n o t  exceed 60 seconds, and depends upon t h e  type  of t r a j e c t o r y  and t h e  on-board 
mass of f u e l  (Table 11) 
3 .  B a l l i s t i c  f l i g h t .  Range may a t t a i n  250 km, the  t o t a l  d u r a t i o n  of t h e  f l i g h t  
be ing  of t h e  er.ltr of Eive minutes. 

The ramjet i s  i g n i t e d  before  sepa ra t ion .  

Another v a l v e  c o n t r o l l e d  by the  same switching system releases 

R a m j e t  f l i g h t .  The s e l f - s u s t a i n i n g  s t a g e  then  a c c e l e r a t e s  t o  maximum speed 

-1 
; f l i g h t  a l t i t u d e  may vary according t o  i n c l i n a t i o n  a t  s epa ra  - 

f i o n ,  so  t h a t  t h e  apogee i s  between 15 and 40 km. Durat ion of p ropu l s ion  does 

15 



Figure 11. Orthostrasil ejection nozzle. 

111. Actual performance 

111. 1. Measurement program 

Use of an assembly of means for internal and external measurement which 
is relatively precise has allowed quantitative workup of certain data which 
y L c l u  L L L C  V a l u e  ui i'ne operaEionai parameters of tne missile. ..:-12 L L -  

Most of the Stataltex missiles were equipped with a S.F.I.M.1O.N.E.R.A. 
telemetering system, transmitting on 101 MHz (missile No. 4 ,  fired at Hamma- 
guir, had a photographic recorder). 

A pressurized and heat-shielded container held the measuring unit (trans- 
mitter, pickups and accessories), See L y r e  IC, 

The amount and type of data transmitted to the ground varied from test to 
test. By way of example, Figure 17 shows the program of internal measurements 
concerning Stataltex firing No. 10. 

16 
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Figure  12. T r a j e c t o r i e s ,  S t a t a l t e x  i n  f l i g h t .  

1 7  F igu re  13. Laws of v e l o c i t i e s  achieved i n  f l i g h t .  



Figure  14. 
( In f luence  of i n c l i n a t i o n  a t  s e p a r a t i o n  mass of 
f u e l  on board 37.5 kg) 

Dispers ion  of t r a j e c t o r i e s  i n  f l i g h t .  

F igure  15. Acce lera t ions .  
(Average values  accord ing  
t o  te lemeter ing  acce le ro -  
meter) 

18 



Measuring cradle. 

Figure 16. 

Measuring cradle in 
its pressurized con- 
tainer. 

This program comprised recording of 21 sets of data: 

- longitudinal acceleration 
- injected kerosene flow 

( 3  readings per second, per datum) 
- Normal accelerations 
- impact pressure 
- external static pressure 
- two static pressures at the end of the diffuser 
- static pressure at the head of the diffuser 
- injection pressure 
- telemetered ambient pressure 
- ten measurements of temperature (wall and flow) 

- _ ~  ~ - 2 continuous 

-19 intermittent 

The telemetering transmitter permitted the plotting of the trajectory with 

~- - 19 
use of a suitable infrastructure (ONERA trajectographic procedure). 

~~ 
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Maximum e r r o r s  o c c u g n g  i n  workup of t h e  r e s u l t s  are summarized - 12 1 
below. 

Parameter E r ro r  

Telemetered p res su res  2 percent  
Telemetered f u e l  f low 3 percent  
Telemetered a c c e l e r a t i o n s  0,5 m s x  
Speed (moving p i c t u r e s  theodo l i t e s ,  t r a j ec tog raph)  *5 m s -' 
A l t i t u d e  *50 m 

p res su re  
temperature  iddat ftcr sounding 

f 2  mb 
eo C 

111, 2.  Comparison between p red ic t ed  and ac tua l  f i r i n g  performance 

This  s tudy i s  based on the  i n - f l i g h t  evo lu t ion  of t h e  fo l lowing  magnitudes: 
- convent iona l  t h r u s t  
- s p e c i f i c  impulse 
- i n t e r n a l  p re s su res  deduced from d a t a  t r ansmi t t ed  du r ing  f l i g h t  and d a t a  

- e f f i c i e n c i e s  of e j e c t o r  and combustion measured a t  t h e  ONERA and LRBA 

- t h e o r e t i c a l  va lues  of i n t e r n a l  and e x t e r n a l  drag  c o e f f i c i e n t s  ad jus t ed  

- c h a r a c t e r i s t i c s  of a i r  i n t a k e  

from a f i x e d  poin t  

combustion tunne l s  

w i t h  wind-tunnel  tes ts  

E f f i c i e n c y  of t h e  e j e c t o r  

The va lue  of t h i s  e f f i c i e n c y  was measuored on t h e  S t a t a l t e x ,  f u l l - s c a l e ,  
temp.erature of the e j e c t o r  being about 2000 K. D i s soc ia t ions  were thus  neg- 
l i g  i ble  i n  t h e s e  temperature condi t ions .  

Combustion e f f i c i e n c y  

S t u d i e s  and tes ts  made on t h e  combustion tes t  bench a t  ONERA i n  t h e  /22 - 
range of speed passed through dur ing  f l i g h t  fu rn i shed  t h e  average mathematical  
r e l a t i o n s h i p  presented  i n  f i g u r e  18. 

We n o t e  however t h a t  t h e  p re s su re  supplying t h e  motor a t  t h e  f i x e d  poin t  
d i d  no t  exceed 5 bars .  

C o e f f i c i e n t  of i n t e r n a l  d rag  

Th i s  c o e f f i c i e n t  i s  by d e f i n i t i o n  equal  t o  

2 1  



9 e  

T 
Figure  18. Combustion e f f i c i e n c y .  E j e c t i o n  e f f i c i e n c y .  

q 2 be ing  k i n e t i c  p r e s s u r e  a t  the end of t h e  d i f f u s e r  before  combustion. 
I 

For t h e  S t a l t e x  at: t h e  LRBA tunnel ,  and i n  s imulated combustion (mechani- 
ca l ,  nonthermal o b s t r u c t i o n )  t h e r e  w a s  obtained 

Th i s  o v e r a l l  d rag  c o e f f i c i e n t  i nc ludes  d rag  of t he  subsonic  d i f f u s e r  and d rag  
of i n j e c t o r s  and flame ho lde r s .  I 

We n o t e  t h a t  t h i s  i n t e r n a l  d rag  can be expressed approximately by t h e  
equa t ion  

where M L i s  t h e  Mach number i n  t h e  s e c t i o n  under cons ide ra t ion ,  t h e  number vary- 
i n g  w i t h  combustion l e v e l  and f l i g h t  speed. 

E x t e r n a l  d r a g  

F i g u r e  19 p r e s e n t s  t h e  c o e f f i c i e n t s  of aerodynamic d rag  of t h e  S t a t a l t e x  
as  a f u n c t i o n  of Mach number and f l i g h t  a l t i t u d e .  

Th i s  graph r e s u l t s  from t h e  t h e o r e t i c a l  c a l c u l a t i o n  and tunne l  tests.  

22 
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Figure  19. Drag c o e f f i c i e n t .  

A i r  i n t a k e  
It i s  i s e n t r o p i c ,  adapted t o  Mo = 3.5. 

F igu re  20 p r e s e n t s  i t s  c h a r a c t e r i s t i c s  e s t a b l i s h e d  i n  the  wind tunne l :  
e f f i c i e n c y ,  flow c o e f f i c i e n t  and pumping l i m i t .  

111. 2.1. 
p r e d i c t i o n s  

Conventional t h r u s t  deduced from t h e  f i r i n g  and from t h e o r e t i c a l  

We recal l  t h a t  t h e  convent ional  t h r u s t  of a ramjet i s  de f ined  by: 

Ex’w’ledge a t  each ~ L - I S L ~ ~ L I L  ui iile i o i iowing  v a i u e s  makes it p o s s i b l e  t o  

- a l t i t u d e ,  speed of f l i g h t  and e x t e r n a l  cond i t ions  deduced from metsro- 

- f low of i n j e c t e d  f u e l  
- e t f f i c i ency  of t h e  e j e c t o r  and of combustion as w e l l  a s  u s e  of t h e  

e n t h a l p y f u e l :  a i r  mixture  diagram. 

c a l c u l a t e  convent ional  t h r u s t  

l o g i  ca 1 sound 1n9 s, 
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. Figure  20. C h a r a c t e r i s t i c s  of a i r  i n t a k e  r ep  293 t e s t s  
by LRBA and CEP. 

The t h r u s t  va lue  thus  e s t a b l i s h e d  i s  then  compared w i t h  t h a t  deduced from 
f l i g h t  acce lerometer  d a t a ,  co r rec t ed  f o r  t h e o r e t i c a l  d rag  and weight 

P = m ( r  + s i n g )  + X 
i s  acce lerometer  da t a .  

The r e s u l t s  of t h i s  a n a l y s i s  a re  presented i n  F igu re  21  and re la te  

- t h e  g r e a t  f l e x i b i l i t y  of t h e  engine whose measured i n - f l i g h t  t h r u s t  

- / 2 4  
t o  f i r i n g s  02, 0 5 ,  06, 0 7 ,  0 8 ,  0 9 .  They show: 

v a r i e d  between 2000 and 100 daN, a l lowing a maximum a c c e l e r a t i o n  of t h e  o rde r  
of 3G (see f i g u r e  15) 

The d e v i a t i o n s  a r e  
no more than  5 percent  when t h e  t h r u s t  i s  g r e a t e r  than  200 daN. A t  t h e  end of 
propuls ion ,  a t  30 km a l t i t u d e ,  t h i s  discrepancy may reach  10 percent  (as i n  
f i r i n g  0 5 ) :  t h r u s t  i s  then of t h e  order  of 100 daN. 

- t h e  observed discrepancy dur ing  t h e  f i r s t  seconds of f r e e  f l i g h t  of f i r -  
i n g  06 i s  a t t r i b u t a b l e  t o  t h e  s u b c r i t i c a l  func t ion ing  of t h e  a i r  i n t a k e  a t  t h e  
s t a r t  of t h e  t r a j e c t o r y .  Workup d id  not t a k e  t h i s  operatiscal s t a t e  ( increased  
d rag ,  reduced fls;; c s e i i i c i e n t )  i n t o  account on t h e  gene ra l  balance.  

- t h e  good agreement between p red ic t ions  and f i r i n g .  

2 4  

111. 2 .2 .  S p e c i f i c  impulses deduced from t h e  f i r i n g s  

The convent iona l  s p e c i f i c  impulse ( i n  sec)  i s  expressed as  
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Figure  21. Comparison of convent ional  t h r u s t  
( i n  f l i g h t  and t h e o r e t i c a l ) .  

I n  f i g u r e  22 t h e  s p e c i f i c  impulses deduced from workup of d a t a  from f i r i n g s  
05, 06, 07, 08, 09 are presented as  a f u n c t i o n  of speed of f l i g h t .  Spread be- 
tween f i r i n g s  does not exceed 5 5 percent .  

Th i s  spread t a k e s  i n t o  account 
- e r r o r s  of measurement 
- s l i g h t  v a r i a t i o n  of s p e c i f i c  impulses as  a f u n c t i o n  of t h e  f u e l - a i r  mix- 

t u r e  burned which v a r i e d  from f l i g h t  t o  f l i g h t .  

I n  f i g u r e  23 t h e  s p e c i f i c  impulses r e l a t i n g  t o  f i r i n g  06 are  p resen ted  
t o g e t h e r  whth those  deduced by two methods of c a l c u l a t i o n  of convent ional  t h r u s t  
( 111, 2.1.) 

The v a l u e s  thus  obtained a r e  compared w i t h  t h e o r e t i c a l  v a l u e s  corresponding 
t o  S t a t a l t e x  w i t h  combustion y i e l d  un i ty ,  and then w i t h  t h a t  of a h y p o t h e t i c a l  
op t ima l  ramjet 

cp = 1, Tc = 1, 7, = 1, p5 = po, vk = 0 , 9 4  (Kine t i c  y i e l d  of t h e  a i r  i n t a k e ) .  

I n  connect ion w i t h  t h i s  i n v e s t i g a t i o n  i t  may be noted t h a t  - 126 
- t h e  a c t u a l  s p e c i f i c  impulses i n  f l i g h t  are i n  agreement w i t h  p r e d i c t i o n s  

- t h e  combustion e f f i c i e n c y  of t h e  S t a t a l t e x  chamber e n t a i l s  a l o s s  of 
( r e f s .  1 and 2) 

about  15 pe rcen t  of s p e c i f i c  impulses 
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Figure  2 2 .  Spec i f i c  impulse i n  f l i g h t .  

- t h e  nonadaptat ion of t he  a i r  in t ake  and t h e  e j e c t o r  reduces performance 
by 2 0  p e r c e n t  

Never the less  t h e  a c t u a l  s p e c i f i c  impulses remain c l o s e  t o  1000 seconds a t  
Mach 5 .  

111. 2 . 3 .  I n t e r n a l  p re s su res  

A l l  t h e  S t a t a l t e x  missiles were equipped w i t h  i d e n t i c a l  p re s su re  senso r s ,  
l o c a t e d  i n  t h e  same s e c t i o n  of t h e  i n t e r n a l  d i f f u s e r .  

The v a l u e  of t h i s  i n - f l i g h t  measured p r e s s u r e  wzs csrni;=red w i t h  i'ne the-  

- of i n j e c t e d  flow of kerosene 
- of t h e o r e t i c a l  , e f f ic iency  of combustion. 

From t h e  examination of f i g u r e  2 4  i t  appears  t h a t  
- t h e  i n t e r n a l  f l i g h t  pressures  var ied  between 11 and 0.25  bar s ,  i . e . ,  t h e  

o r e t i c a l  as a func t ion  

- o f  chctuaG2c.,bs+Ics 6 4  d b . r  intcr.Ke 

level of modulation of t h r u s t  reached 40/1; 
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Figure  23. Comparison of s p e c i f i c  impulses 
( f l i g h t  and t h e o r e t i c a l )  STX 06. 

- t h e  r e s u l t s  measured i n  f l i g h t  and those  furn ished  by t h e o r e t i c a l  cal- 
c u l a t i o n  are  c l o s e  ( d i f f e r e n c e  of t h e  order  of 2 percent  f o r  t h e  h ighes t  pres-  
s u r e s ,  which v a l u e  i s  w i t h i n  t h e  range of inaccuracy  of t h e  pickups) ;  

f r e e  f l i g h t  (unce r t a in ty  concerning coe f f i c i eh to f  flow i n  t h e  range of adapta-  
t i o n  of  t h e  a i r  i n t a k e  i .e . ,  Mo 3.5. This d i f f e r e n c e  does not  exceed 3 t o  4 
percen t .  

- f o r  low i n t e r n a l  p re s su re  va lues  (case of end of propel led  f l i g h t  of 
m i s s i l e  05) t h e  imprec is ion  of t h e  sensors--which were not  adapted f o r  t h i s  
range of measurements makes any workup of d a t a  i l l u s o r y .  

- d i f f e r e n c e s  a re  gene ra l ly  somewhat h igher  du r ing  t h e  f i r s t  seconds of 

Note 

The measurement of i n t e r n a l  pressure  p.' makes i t  p o s s i b l e  p r a c t i c a l l y  t o  12 

determine  the v a l u e  of ou tput  dynalpy [momentum-flow, A5D5] of the ramjet, s i n c e  
t h e  S t a t a l t e x  e j e c t o r  i s  c a l i b r a t e d  a t  t h e  f ixed  po in t .  - 1 2 7  
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Figure 24. Comparison of internal pressures 
(in flight and theoretical). 

An imprecision of 2 percent on the value of internal pressure is ex- 

pressed by an uncertainty of 2 percent with reference to output dynalpy. The 
following table shows the resulting indetermination with reference to conven- 
t iona 1 thrust 

1 2  

It may be noted that the direct calculation of conventional thrust led to 
equivalent results. It appears that the.maximum.errors in determination of the 
Stataltex in-flight thrust are below the values indicated above. 

111. 3 .  Range of flight explored 

The range--speed, altitude--explored in the course of the ten Stataltex 
firings appears in figure 25. 

The kinetic pressures as well as the high temperatures outside and /28 
inside the combustion chamber subjected the missiles to considerable mechanical 
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Figure 25. Range of flight investigated with 
ramj et propul sion. 

and thermal stress. 
tain characteristic values 

The table below indicates the order of magnitude of cer- 
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111. 4.  F l i g h t  dynamics 

111. 4.1. Spread of t h e  t r a j e c t o r i e s  

A s  i n d i c a t e d  i n  11. 1 . 2 ,  t h e  i n c l i n a t i o n  of t h e  t r a j e c t o r y  a t  s e p a r a t i o n  
of t h e  two s t a g e s  must be determined with maximum p r e c i s i o n ,  s i n c e  t h e  pegor- 
mance of t h e  missile i s  very s e n s i t i v e  t o  t h i s  parameter.  

Y 

Precau t ions  had been taken t o  l i m i t  t h i s  spread - t o l e r a n c e s  on t h e  d u r a t i o n  of combustion of t h e  Stromboli boos t e r  ( 11. 

- c o r r e c t e d  launcher i n c l i n a t i o n  a s  a f u n c t i o n  of a e r o l o g i c a l  sounding 

- geometric c o n t r o l  of t h e  m i s s i l e  w i t h  c l o s e  t o l e r a n c e s  

1 1.2) ;  F igu re  19 shows t h e  spread obtained a f t e r  t h e  t e n  S t a t a l t e x  f i r i n g s  

(modulus and d i r e c t i o n )  

General alignment a t  $nun ( t o t a l  l eng th :  10 m) 
Alignment of a i r f o i l s  a t  + 3 ' .  
Thrust  v e c t o r  o r i e n t e d  at-? 2 ' .  

F igu re  26 i n d i c a t e s  t h e  spread of p o s i t i o n s  t a k e n - a t  s e p a r a t i o n ,  w i t h  t h e  
c o n s i d e r a t i o n  of precaut ions.  We r e c a l l  t h a t  t h e  aimed i n c l i n a t i o n s ,  of t h e  
o r d e r  of 30°, r equ i r ed  launch a n g l e s  c l o s e  t o  60'. 

A pe rcuss ion  a t  d e p a r t u r e  from the  launcher  i s  a t  t h e  r o o t  of t h e  
main p a r t  of t h e  spread of t r a j e c t o r i e s ,  as  shown by a s tudy of t h e  dynamics 
of t h e  launcher  e f f e c t e d  a f t e r  f i r i n g  06. For f i r i n g s  07, 08 and 10, e f f e c t e d  
from a launcher  t h a t  had been made more r i g i d ,  t h e  spread d i d  not  exceed 3'. 

/29 

111. 4.2. Load f a c t o r s  

Maximum v a l u e s ,  2G f o r  composite f l i g h t  and 1 G  f o r  f l i g h t  of t h e  ramjet 
alone, conform t o  p red ic t ed  va lues ,  taking i n t o  account t h e  k i n e t i c  p re s su res  
t h a t  were encountered ( 111. 3 . )  and t h e  s i z e  of t h e  s t a b i l i z i n g  a i r f o i l s .  

2 
Configurat ion CZiA(m / r a d i a n )  

Composite a t  s tar t  12 

R a m j e t  a t  s e p a r a t i o n  <Mo = 3) i , i  

I V .  I n - f l i g h t  behavior of t h e  ramjet 

'Only f i r i n g s  06 and 09 a r e  beyond the 5 1.5 percent  range of spread,  which 
i s  exp la ined  by l o c a l  temperature  condi t ions a t  t h e  t i m e  of f i r ing .  
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I V .  1. Funct ioning of t h e  a i r  i n t a k e  

, Control  of t h e  missiles w a s  e f f e c t e d  i n  such a way a s  t o  ensu re  a super- 
c r i t i c a l  o p e r a t i o n a l  s t a t e  of t h e  a i r  i n t a k e .  F igu re  2 7  shows by way of example 
t h e  l e v e l s  of recompression ( e f f i c i e n c y )  i n  t h e  case  of f i r i n g  06. 

The s u b c r i t i c a l  ope ra t ion  of t h e  a i r  i n t a k e  caused t h e  f a i l u r e  of f i r i n g s  
03 and 04. We recal l  t h a t  i n  t h e s e  f i r i n g s  t h e  s u b c r i t i c a l  o p e r a t i o n a l  s ta te  
w a s  f o r t u i t o u s l y  e s t a b l i s h e d ,  t h e  a c t u a l  e f f i c i e n c y  of t h e  a i r  i n t a k e  a t  
Mo = 3.5 being less than  t h a t  deduced i n  tunne l  tests. 

An i n t e r e s t i n g  r e s u l t  obtained i n  t h e  Statal tex study i s  t h e  b e n e f i c i a l  
u s e  of a n  a i r  i n t a k e  i n  superadapted o p e r a t i o n a l  s ta te .  

Since c o e f f i c i e n t  of flow s i s  maximal beginning a t  M = 3.5,  t h e  - /30 0 

shockwave i s s u i n g  from t h e  point  pene t r a t e s  t o  t h e  i n s i d e  of t h e  s h e l l ,  beyond 
t h a t  speed. 

T h i s  o p e r a t i o n a l  s t a t e  w i t h  maximum c o e f f i c i e n t  of flow from Mo = 3.5 makes 

i t  p o s s i b l e  t o  o b t a i n  high t h r u s t  c o e f f i c i e n t s  a long  t h e  e n t i r e  t r a j e c t o r y  wi th  
a f i x e d  geometry, a d d i t i v e  drag being ze ro .  

F i g u r e  28 relates t o  m i s s i l e  06. 

3 1  



t 

2 . 3  4 5 M* 

F i g u r e  27 .  Operat ion of a i r  i n t a k e  i n  f l i g h t  Rep. 293. 

F i g u r e  28. A i r  i n t a k e .  
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I V .  2. Behavior of t h e  combustion chamber 

During t e n  S t a t a l t e x  f i r i n g s ,  t h e  a i r - f u e l  mixture  i n  f l i g h t  v a r i e d  be- 
tween 0.3 < cp < 1.2 and t h e  o p e r a t i o n  of t h e  chamber was always s a t i s f a c t o r y .  
I g n i t i o n  and power of t h e  engine conformed t o  t h e  program. 

I n  c o n t r a s t ,  t h e  thermal behavior of t h e  flame tube sometimes l i m i t e d  t h e  
d u r a t i o n  of t h e  t es t .  
25 km a l t i t u d e ,  but i t  was necessary t o  d e s i g n  more e f f e c t i v e  O r t h o s t r a s i l  
p r o t e c t i o n  t o  achieve performance a t  higher  k i n e t i c  p re s su re  ( f l i g h t  a t  12 km 
a1 t i tude) 

Bophgnal p r o t e c t i o n  made i t  p o s s i b l e  t o  a t t a i n  Mach 5 a t  

F igu re  29 i n d i c a t e s  h e a t  f l u x e s  and behavior of t h e  O r t h o s t r a s i l  (carbon- 
i z e d  l aye r )  i n  a s imula t ion  t e s t  of the S t a t a l t e x  program a t  Mach 6 made on t h e  
ONERA test  bench a t  Pa la i seau .  
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Figure  29. Heat f l u x  a t  t h r o a t  of " O r t h o s t r a s i l "  e j e c t o r  
( s imula t ion  tes t  a t  Palaigeau)  carbonized 

l a y e r  e ( a t  t h r o a t )  
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This Orthostrasil solution seems valuable for the protection of a first 
stage combustion chamber of an atmospheric engine (accelerating engine with 
consumable chamber). 

IV. 3 .  Thermal behavior of the cellule 

During flight condiiions of Stataltex at Mach 2, the temperature of the 
These tem- 
= 5 and 25 km 

central body reaches 800 C and that of the hull 700 C (fig. 3 0 ) .  
peratures are practically those of equilibrium for a flight at M 

/ 3 2  altitude. - 0 

These cellules fulfilled the following mechanical specifications: 
- possibility of relative dilation between central body and hull 
- central body pressure-balanced 
- utilization of NS 30 UGINE refractory steels without thermal protection, 

the thickness of the sheet being selected after a series of rapid extrusion 
test. In flight conditions, the level of permissible extrusion was 0.5 percent 
for 60 seconds test. 

- rigorous seal of the coupling elements. 

lOOG 

50G 

o =I- 

L 

I +.30 40 50. 60 70 80 2s) 
Figure 3 0 .  DeUelopment of structure temperatures 

(in-flight measurements). 
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V. Conclusion 

The S t a t a l t e x  f l i g h t s  confirmed t h e  p o s s i b i l i t y  of t h e  f ixed  geometry 
ramjet  used i n  t h e  range Mach 3 - Mach 5. 

The a t t a i n e d  performances, about 1000 seconds of s p e c i f i c  impulses a t  Mach 
An in-depth  work on develop- 5,  a re  i n  agreement w i t h  t h e o r e t i c a l  p red ic t ions .  

ment of t h e  combustion chamber would have allowed improvement of t h e s e  pe r fo r -  
mances by about 150 seconds. 

O f  e i g h t  missiles launched a t  I l e  du Levant, seven furn ished  d a t a  s u i t a b l e  
f o r  workup, and f o u r  f lew a t  Mach numbers c l o s e  t o  5. 
f l i g h t  between 10 and 37 km a l t i t u d e  r e p r e s e n t s  approximately t h e  range of 
development of p o s s i b l e  h igh  speed a i r c r a f t  o r  a tmospheric  s a t e l l i t e  boos te r .  

The explored range of 

The measurements e f f e c t e d  i n  f l i g h t  a re  of good q u a l i t y  and a l low e s t a b l i s h -  
ment of a propuls ion  balance t h a t  cu t s  by more than  10 percent  the  p r e d i c t i o n s  
f o r  f l i g h t  deduced from s t a t i o n a r y  t e s t s .  

Since these  missiles were not  guided, t h e s e  performances were e f f e c t e d  on 
t r a j e c t o r i e s  w i th  very  h igh  k i n e t i c  pressure  (4  b a r s  a t  Mach 3 ) ,  t h e  i n t e r n a l  
p re s su res  a t t a i n i n g  10 b a r s  and long i tud ina l  a c c e l e r a t i o n s  of 3G. 

Such performances were p o s s i b l e  only because of t h e  i s e n t r o p i c  type  a i r  
i n t a k e ,  o p e r a t i n g  i n  superadapta t ion  beyond Mach 3.5. This s o l u t i o n  a l lows  an 
i n t e r e s t i n g  compromise, t h e  en t r ance  and e x i t  geometr ies  of t he  engine being 
f i x e d  . 

The S t a t a l t e x  study thus  i n d i c a t e s  t h a t  a fixed-geometry ramjet wi th  
superadapted a i r  i n t a k e  performs i n  an i n t e r e s t i n g  manner. A similar  configu- 
r a t i o n  i s  worth cons ider ing  i n  e s t a b l i s h i n g  a p ioneer  p r o j e c t  f o r  an aerospace 
launcher .  

F i n a l l y ,  on the  t echno log ica l  l eve l  t h e  S t a t a l t e x  f l i g h t s  demonstrate t h e  
wor th  of thermal  p r o t e c t i o n  of t h e  O r t h o s t r a s i l  type  t o  ensure  s h o r t  bot very  
demanding miss ions  us ing  atmospheric  propuls ion (case of f l i g h t  a t  Mach 5,  a l t i -  
tude  12 km, d u r a t i o n  1 minute).  

I f  modif ied a d  improved, t h e  S t a t a l t e x  m i s s l e  would be capable  of perform- 
i n g  above Mach 5. S tudies  and s imula t ion  tests e f f e c t e d  in t he  PaLiiseau 
I s h r a t o r i e s  'nave shown t h a t  t h i s  missile could then  a c c e l e r a t e  t o  Mach 6 ,  t h e  
c e l l u l e  having  gene ra l ly  been designed f o r  t h i s  range of speed. 

Two a t t empt s  t o  c a r r y  t h e  performance of S t a t a l t e x  beyond Mach 5 - 133 
were unsuccess fu l ,  because t h e  ramjets were n o t  i n s e r t e d  wi th  t h e  d e s i r e d  pre- 
c i s i o n  i n  t h e  narrow f l i g h t  c o r r i d o r  which i s  ind i spensab le  f o r  a t t a i n i n g  such 
a speed. The development of t h i s  study would n e c e s s i t a t e  use of a guidance 
dev ice .  
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